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(54) Memory cell that includes a vertical transistor and a trench capacitor 



(57) A memory cell for a dynamic random access 
memory includes a pass transistor and a storage capac- 
itor, the transistor is a vertical transistor formed along' 
an upper portion of a sidewall of a polysilicon-filled 
trench in a monocrystafline silicon body with the source 
and drain in the body and the source contact, gate and 
gate contact in the trench, with its gate dielectric being 
an oxide layer on the sidewall portion of the trench. The 
capacitor is a vertical catpacitpr formed along a deeper 
portion of the trench and has as its storage plate a lower 
polysilicon layer in the trench and as its reference plate , 
a deep doped well in the body. The source contact and 
the storage plate are in electrical contact in the trench 
and the source contact and the gate contact are in the 
trench electrically isolated from one another. 



FIG. 1 
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Description 

Field of the Invention 

This invention relates generally to a memory cell, 
and more particularly, to a memory cell useful in a 
dynamic random access memory (DRAM) 

Background of the Invention 

A DRAM generally includes a two-dimensional 
array of rows and columns of memory cells integrated in 
a semiconductive chip. A popularly used memory cell 
with n-channel metal -oxide-silicon (MOS) DRAMs is the 
"switched capacitor" memory cell which has a n-chan- 
nel MOS transistor (also denoted as a pass transistor) 
and a capacitor (also denoted as a storage device). One 
output terminal of the transistor is coupled to a first ter- 
minal (storage plate) of the capacitor and the second" 
terminal (reference plate) of the capacitor is typically 
coupled to a fixed voltage source. The gates of all of the 
transistors of a common row of memory cells are cou- 
pled to a common word line and the second output ter- 
minals of the pass transistors of a column of memory 
cells are all coupled to a common separate bit line. In a 
n-channel MOS transistor positive current is defined as 
flowing along the channel from the drain to the source 
output terminals. During operation of the switched 
capacitor memory cell current reverses through the 
transistor and thus the drain and source reverse. For the : 
sake of discussion herein the first output terminal of the 
pass transistor shall be denoted as the source and the 
second output terminal shall be denoted as the drain. 

In its early, form, both the channel of the pass tran- 
sistor and the storage surface of the capacitor extended 
largely horizontally along the active surface area of the 
chip. This latter characteristic was found to limit the den- 
sity with which the memory cells could be packed in a 
single chip because, to achieve the desired amount of 
capacitance necessary for reliability, it was important to 
use considerable active surface area for the capacitor. 

to meet this problem, it has become the practice to 
employ in high density DRAMS a memory cell that uses 
a capacitor whose storage surface extends essentially 
perpendicular to the active surface area, typically in a 
trough (trench) that extends vertically in the chip so that 
the capacitance can be increased as needed, simply by 
extending the depth of the trench with little effect on the 
chip surface area consumed by the capacitor. 

In U S Patent No. 5,376,575. which issued on 
December 27, 1994, there is proposed a DRAM that 
reverses this approach and employs a storage capacitor 
at the active surface of the chip whose storage surface 
extends parallel to the active surface and a buried pass 
transistor that underlies the storage capacitor and 
whose channel extends vertically in a trench that 
extends vertically from the active surface This design 
permits the bit line that normally extends over the active 



surface of the chip to be buried in the interior of the chip, 
thereby saving the area of the active surface ot the chip 
formerly occupied by the bit line. Additionally, the verti- 
cal orientation of the transistor permits the length of the 

5 channel of the transistor to be increased, as needed, to 
avoid undesirable short-channel effects that generally 
limit how much the channel length can be effectively 
shortened However, the burial of the bit lines can com- 
plicate the fabrication process, particularly in dense 

w arrays where each bit line needs to serve all the cells in 
a column. Presently there is known no report in the liter- 
ature of a memory cell of this kind, but its manufacture 
would appear to be difficult for use in state of the art 
DRAMS. 

15 Another problem that arises with increasing the 
density of memory cells in an array is the increasing dif- 
ficulty in achieving consistently the alignment required 
of the various processes involved in the commercial 
manufacture of such arrays. 

20 It is desirable to have a switched capacitor memory 
cell that requires relatively little semiconductor surface 
area, has adequate capacitance, and can be fabricated 
relatively easily 

25 Summary of the Invention 

The present invention relates to a novel memory 
cell structure and a process to fabricate such structure. 
The structure facilitates the simplification of processes 

30 in the fabrication of high density DRAMs. 

An illustrative embodiment of the invention is 
embodied in a chip that comprises a silicon body. Typi- 
cally the silicon body may have been cut from a monoc- 
rystalline silicon wafer or been formed as an epitaxial 

35 layer grown either on a silicon layer or an insulating sub- 
strate, such as sapphire. The invention permits the 
more critical steps of the processing, such as those 
involving minimum area lithography to be done advanta- 
geously early in the processing where better planarity is 

40 available. Additionally invention permits the increased 
use of self-alignment processes that simplify achieving 
the close alignment required in the manufacture of high- 
density DRAMS. 

One embodiment of the invention comprises a 

45 memory cell that uses a vertical trench in which a lower 
portion helps form a vertical capacitor and an upper por- 
tion helps form a vertical transistor. The memory cell is 
formed in a chip that includes a silicon substrate, which 
for example is monocrystalline in structure. The silicon 

so substrate comprises a potysiiicon-filled vertical trench 
and a pass transistor comprising a source, drain, chan- 
nel, and gate. The source, drain, and channel are 
formed in an upper portion of the monocrystalline sub- 
strate and the gate is formed in an upper portion of the 

55 polysilicon -filled trench with the gate dielectric as a layer 
of oxide along an upper sidewall portion of the trench. 
The storage capacitor of the memory cell has a storage 
plate in a lower portion of the polysilicon-filled trench, a 
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celerence plate in a lower portion of the monocrystalline 
substrate, and a dielectric layer along a lower wall por- 
tion of the trench 

in an alternative embodiment, the pass transistor is 
largely located in the monocrystalline substrate in a 
snallow region (well) of one conductivity type and the 
storage capacitor is largely located in the monocrystal- 
line substrate in a deeper region (well) of the opposite 
conductivity type. Additionally, the active area of each 
memory cell at the surface of the chip is defined by a 
shallow isolation trench filled with dielectric, typically sil- 
icon oxide. \ 1 . 

In another embodiment, the transistor and capaci- 
tor are formed in a chip that comprises a silicon body 
comprising a monocrystaliine substrate and a vertical 
polysilicon-filled trench. The transistor has a source and 
dram vertically spaced-apart along a channel extending 
in the body along a sidewall portion of the polysili con- 
filled trench, and a gate located in the polysilicoh fill and 
has gate dielectric which lies along the sidewall portion 
of the polysilicon-filled trench. The capacitor has a stbr? 
age plate in the polysilicon fill, a reference plate in the 
monocrystalline substrate, and a dielectric layer on a 
wall portion of the polysilicon-filled trench between the 
reference plate and the storage plate. The transistor is 
located above the capacitor in the silicon body. 

In still another embodiment, the invention com- 
prises a memory cell haying a capacitor and a n-chan- 
nel field effect transistor having a drain, a source, and a 
gate. The memory cell is formed in a silicon chip' that 
comprises a silicon body having a major surface and 
comprising a monocrystalline substrate and a vertical 
polysilicon-filled trench: The transistor has the source 
and drain thereof spaced apart vertically in the body 
along a channel extending in the substrate along a side- 
wall portion of the polysilicon-filled trench, the gate in 
the polycrystalline-filled trench, and ; the gate dielectric 
along the sidewall portion of the polysilicon-filled trench: 
The capacitor has a storage plate in the polysilicon-filled 
trench, a reference plate in the monocrystalline sub- 
strate, and a dielectric thereof in an insulating layer on a 
sidewall portion of the polysilicon-filled trench between 
said reference plate and said storage plate. The transis- 
tor is located above the capacitor in the silicon body and 
has a portion thereof that is on the major surface. 

As previously discussed, the invention is also 
directed to a process for fabricating the memory cell. 
The process comprises etching a vertical trench in, a 
semiconductive body and filling it such that a vertical 
capacitor and vertical transistor are formed in the lower 
and upper portions of the trench, respectively. The for- 
mation of the capacitor in the lower portion and the ver- 
tical transistor in the upper portion simplifies the 
fabrication process. To illustrate, the cell is formed by 
filling the trench in a succession of steps with polysilicon 
layers and dielectric layers such that the deepest poly- 
silicon layer in the trench forms*a storage capacitor with 
a layer in the substrate, an intermediate depth polysili- 



con layer m the trench forms a contact for a source of 
the transistor in the substrate, a shallow polysilicon layer 
formed «n the trench serves as the gate of the transistor, 
and a dielectric layer formed on a sidewall of the trench 

5 serves as the gate dielectric Moreover, as a conse- 
quence of these steps, the channel of the transistor 
extends from the source to the drain in the substrate 
along a portion of sidewall of the trench where there 
was formed the gate dielectric 

w In one embodiment, shallow isolation trenches are 
first formed to define the active areas of the cell. The 
shallow trenches are filled with a suitable dielectric, 
such as silicon oxide. Bit line drain contacts of the cells 
are then formed. The contacts comprise forming multi- 
is pie-layer stacks largely over the shallow isolation 
trenches such that the overlap of a stack over an active 
area defines the drain region of a pass transistor. As 
such, the need for a separate drain contact mask in the , 
fabrication is avoided. Additionally, the invention allows 
■2p : for the word line contact regions to be defined early in 
: the processing by troughs in a glassy layer between the 
bit line columns over the active regions and the succes- 
sive vertical -trench etching operations are defined by 
the previously formed bit line columns and word line 

25 contact troughs, thereby avoiding the need for separate 
masks to define the etching of the vertical trenches. 

In another embodiment, a process for forming verti- 
cal trenches in a semiconductive body is desclosed 
The process comprises the steps of: forming over the 

30 top surface of the body an array of columns of bit lines, 
each including a conductive portion and a dielectric cap; 
filling the gaps between the columns with a dielectric fill, 
etching troughs in the dielectric fill down to the top sur- 
face of the semiconductive body; and using the array of 

35 parallel columns and the remaining dielectric fill as a 
mask to etch the vertical trenches. 

In yet another embodiment, a process for forming a 
trench that has a deeper portion of cross section larger 
than that of a shallower portion is described Formation 

40 of such a trench comprises first etching anisotropically 
in the semiconductive body a trench and then coating 
the trench with an etch-resistant layer. The etch resist- 
ant layer is removed from the bottom of the trench and 
then the trench is etched anisotropically to deepen the 

45 trench further This is followed by an isotropic etching 
step that serves to widen the deepened portion not pro- 
tected by the etch resistant coating. 

Another embodiment of the invention is directed to 
a process for forming a trench in a semiconductive body 

so that has a shallow portion having a first cross section 
and a deeper portion having a second cross section 
larger than the first cross section. The process com- 
prises the steps of: etching a selected surface portion of 
the body to form a trench of a first depth and the first 

55 cross section; coating the sidewalls of the trench with an 
etch resistant coating; etching the selected surface por- 
tion ot the body anisotropically to deepen the trench; 
and etching the selected surface portion of the body iso 
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tropicallly to widen the trench such that the deeper por- 
tion of the trench has the second cross section which is 
larger than the first cross section 

In still another embodiment, the invention is 
directed to a process for making a memory cell for use 5 
in a DRAM that includes a pass transistor and a storage 
capacitor The process comprises the steps of forming a 
vertical trench in a monocrystalline semiconductive 
substrate, providing a first deepest polycrystalline sem- 
iconductive layer in the trench that is dielectncally iso- ic 
lated from the surrounding monocrystalline substrate for 
forming a buried vertical storage capacitor; providing a 
second intermediate-depth polycrystalline semiconduc- 
tive layer in the trench that is electrically connected to 
the*first deepest layer and to a doped region in the is 
monocrystalline substrate for serving as one output ter- 
minal of the pass transistor; providing a third shallowest 
polycrystalline semiconductive layer in the trench that is 
dielectrically isolated from the second polycrystalline 
layer and from the adjacent monocrystalline semicon- 20 
ductive substrate by the gate dielectric of the pass tran- 
sistor for serving as the gate and gate contact of the 
pass transistor and creating a channel in the adjacent 
region of the monocrystalline semiconductive substrate; 
and providing a doped region in the monocrystalline 25 
semiconductive substrate at the upper end of the chan- 
nel for serving as a second output terminal of the pass 
transistor. 

In yet still another embodiment, the present inven- 
tion is directed to a process for forming an array of 30 
memory cells wherein a cell comprises a pass transistor 
and a storage capacitor for a dynamic random access 
memory. The array of cells is located in a portion of a sil- 
icon body in which there have been formed p-type and 
n-type conductivity wells and in which active areas for 35 
the cells have been defined and isolated. The process 
comprises the steps of: forming at the top surface of the 
silicon body a source/drain for the pass transistor of 
each memory cell; forming vertically in each active area 
a trench of a first depth that passes through a surface 40 
well of a first conductivity type and a buried well of the 
opposite conductivity type; forming in each trench a first 
dielectric layer useful as the dielectric layer of a storage 
capacitor on a sidewall along a portion of the trench in 
the buried well; providing in each trench a first polycrys- 4s 
talline silicon layer opposite the first dielectric layer for 
forming a storage capacitor with the adjacent portion of 
the silicon body; providing in each trench a second 
doped polycrystalline silicon layer that lies above the 
first polycrystalline silicon layer and that makes electri- so 
cal contact with the first polycrystalline layer in the 
trench; diffusing dopants from the second polycrystal- 
iine layer into an adjacent portion of the silcon body for 
forming in the silicon body an output terminal for each 
pass transistor; forming in each trench a dielectric layer 55 
on the sidewall portion of the trench of the pass transis- 
tor and an oxide layer on top of the second polysilicon 
layer of the pass transistor and over the second poly- 



crystalline layer; and forming in each trench a third poly- 
crystaiitne silicon layer electrically isolated from the 
second polycrystalline silicon layer and adjacent to the 
gate dielectric for serving as the gate and gate contact 
of the pass transistor. 

Although various illustrative embodiments of the 
invention are described in the context of fabricating the 
memory cell for use in DRAMs, the invention has 
broader applications. For example, the invention is 
applicable to other processes for forming a two-dimen- 
sional array of vertical trenches in a semiconductive •' 
body comprises forming over the top surface of the 
semiconductive body an array of parallel columns of bit 
lines, each including a conductive portion and a dielec- 
tric cap. filling the gaps between the columns with a die- 
lectric fill, etching troughs in the dielectric fill down to the 
top surface of the semiconductive body where the verti- 
cal trenches are to be formed, and then etching the 
trenches selectively in the semiconductive body using 
the anay of parallel columns and the remaining dielec- 
tric fill as a mask 

, The invention will be better understood in the light 
of the following more detailed description of an illustra- 
tive embodiment taken in conjunction with the accom- 
panying drawing. 

Brief Description of the Drawings 

FIG 1 shows a cross-sectional view portion of a 
portion of a semiconductor chip in which there has 
been formed the basic elements of a memory cell in 
accordance with the present invention; and 
FIGS. 2-15 show in cross-sectional views portions 
of the semiconductor chip of FIG. 1 at successive 
stages in its processing in accordance with the 
present invention. 

The drawings are not to scale since it is desirable to 
exaggerate some dimensions for visual clarity. 

Detailed Description 

It will be convenient to describe the novel memory 
cell and the process for its fabrication in the context of a 
single memory cell. Generally, a DRAM is essentially a 
silicon chip in which there are included both an array of 
memory cells arranged in orthogonal rows and columns 
and support circuitry needed to write information into 
selected individual memory cells, to refresh information 
stored in the memory cells, and to read out information 
randomly from selected individual memory cells. 

Moreover, generally in manufacture, a large number 
of DRAMS are processed in parallel in a single wafer 
and the wafer is eventually diced-up to form individual 
chips, each serving as a single DRAM. In some 
instances there may be included multiple DRAMs in a 
single chip. 

Referring now to FIG. 1. there is shown in a cross- 
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sectional view of a portion of a chip 10 which includes a 
switched capacitor memory cell 1 1 (shown within a 
dashed line rectangle) in accordance with an illustrative 
embodiment ot the present invention: As shown, chip 1 0 
is essentially a silicon body including a monocr y stall in e 5 
silicon substrate portion 1 2 The substrate portion 12 
includes a p-type surface region (well) 14 thai has been 
formed in an upper portion of the substrate 12 that typi- 
cally is of higher p-type resistivity The memory cell 1 1 
of the present invention comprises a transistor (also ? o 
denoted as a "pass transistor") and a capacitor (also 
denoted as a "storage capacitor") The transistor is an 
enhanced mode field effect transistor (FET) and is typi- 
cally an insulated gate field effect transistor (IGFET) 
that has a drain and a source of the same conductivity 15 
type which are separated by a channel region of the 
opposite conductivity type. 

Illustratively the transistor in FIG. 1 is a n-channel 
IGFET having a drain 22 and a source 40 that are each 
of n-type conductivity, and a channel which is part of the 20 
well 14 and is of p-type conductivity. The transistor is 
described as vertical because its channel extends per-, 
pendicularly to the plane of the major surface of the sili- 
con substrate (i.e., to top surface 13 of the body). A gate 
dielectric layer 44 overlies the channel and has a gate 25 
42 covering the dielectric layer 44. A n+ type layer 29 1 
(typically diffused) serves as a reference node (plate) of v 
the capacitor of the memory cell 11 and typically is 
maintained at a reference potential by means of a con- 
tact (not shown) to a well 16 (which is connected to the 30 
layer 29) at a edge (not shown) of the chip 1 0 that leads * 
to a d-c voltage source (not shown) ; Alternatively, an 
inversion layer in the substrate. can be used as the refer- 
ence plate. The n-type source 40 should be spaced 
enough away from the n-type well 16 that there is little or 35 
no leakage therebetween. 

The chip 10 also includes at a top surface 13 a plu- 
rality of relatively shallow trenches 18 filled with a die- 
lectric (e.g.. silicon oxide). Trenches 18 are 
advantageously formed at an early stage of the *o 
processing to surround selected surface portions of the 
chip 10 and thereby to define an active surface region of 
an individual memory cell 11. The trenches 18 extend 
into the well 14 short of the well 16. The depth of the 
trenches is sufficiently deep to isolate the individual 45 
memory cells from each other In one embodiment, the 
bottom of the trench is below the source 40 and above 
the reference node. Such shallow isolation trenches are 
now often used in state-of-the-art DRAMs to define the 
active surface region of an individual memory cell. For- 50 
mation of shallow isolation trenches is described in Dav- 
ari et al . "A new planarization technique using a 
combination of RIE and chemical -mechanical polish 
(CMP)". IEDM Tech. Dig. (1989) and Fuse et al.. "A 
practical trench isolation technology with a novel 55 
planarization process ". IEDM Tech. Dig. (1987) which 
are herein incorporated by reference for all purposes. 
Typically, the density of memory' cells in a DRAM is 



increased by a decrease in the active surface area An 
advantage of the present invention is that its novel 
design permits the use of active surface regions that are 
smaller in size than conventional designs. In particular, 
the invention ideally should make feasible the use of 
active surface regions having surface areas that are 
equal to about the minimum feature size possible by the 
available processing technology Partially overlying 
each active surface region is a doped polysilicon layer 
20 that provides an phmic contact to a n-type surface 
layer 22 of the body that serves as the drain of the tran- 
sistor of the memory cell 1 1 . Over the layer 20 there is a 
highly conductive metallic silicide layer 52 (e.g., tung- 
sten silicide) that provides a relatively low resistive bit- 
line Over layer 52 is a cap layer 54 (e.g.*, silicon oxide, 
silicon nitride, or silicon oxynitrjde). An etch stop layer 
56 overlies layer 54. A spacer layer 56a, e.g., of silicon 
nitride, covers the sidewall portion 20a that extends ver-. 
tically along side wall 20a of layer 20. Below this spacer 
layer is the gate oxide layer 44 between the drain and 
source of the transistor and serving as the dielectric of 
the transistor; 

The active surface region of the chip 10 includes an 
elongated vertical trench 28 for memory cell 11. The 
trench is largely filled with layers of polycrystalline sili- 
con (polysilicon) and of dielectric to form the various 
parts of the vertical transistor and the storage capacitor 
in cooperation with portions of the adjacent monocrys- 
talline substrate. The trench 28 extends beyond the well 
1 6 into the original substrate portion 12. 

* Illustratively, the trench 28 is shown widened in a 
portion 28a thereof that extends through much of the n- 
type well 16 into the p-type substrate 12. By widening 
the lower portion of the trench, increase storage capac- 
ity is achieved. This enables a reduction in trench depth, 
decreasing raw process time required to form the 
trench. However, the use of such a trench is optional. 
Advantageously, polysilicon fill 32 in this deeper wid- 
ened region 28a is of n-type conductivity and serves as 
a storage plate of the capacitor, which is a vertical 
capacitor. A highly doped n-type region 29 (or an inver T 
sion layer) in the body surrounds this widened trench 
portion 28a and serves as the reference plate of the 
storage capacitor which is electrically connected to well 
16. An insulating layer 34, typically of silicon oxide, sili- 
con nitride or both, covers the walls of the lower portion 
28a of the trench 28 and serves as the dielectric of the 
capacitor by separating the two capacitor plates pro- 
vided by region 29 (the reference plate) and the polysil- 
icon fill 32 (the storage plate). A dielectric collar 
comprising dielectric layers 50 and 58 serve to isolate 
the trench fill 32 where the trench has its original nar- 
rower width. 

Above the polysilicon fill layer 32 in the trench 28 is 
an additional donor-doped polysilicon fill layer 36 such 
that in processing, enough of the donor dopant diffuses 
out along its edge with monocrystalline p-type well 14. 
where there is no intervening dielectric, to form in the 



9 



EP 0 852 396 A2 



10 



adjacent portion of the p-type well 14 the n-type region 
40 that can serve as the source of the transistor. Layer 
36 serves as an electrical contact to layer 32 Thus the 
source 40 of the vertical transistor is electrically coupled 
to the storage plate 32 of the capacitor. A conductive 5 
polysilicon layer 42 is included to fill the top-most por- 
tion of the trench 28. However, to electrically isolate this 
trench layer 42 from trench layer 36 and well 14. a sili- 
con oxide layer 44 is provided both over the top of poly- 
silicon fill layer 36 and the portion of the trench 28 that 
is contiguous with the well 14. The sidewall portion of 
oxide layer 44 along the well 1 4 between n-type source 
40 and n-type drain 22 serves as a gate dielectric of the 
vertical transistor. The portion of polysilicon fill layer 42 
adjacent thereto serves as the gate of the vertical tran- 
sistor and the remainder as the gate contact and the 
word line. The polysilicon fill layer 42 extends in the 
plane of a word line (not shown) that extends in the 
plane of the drawing for interconnection with the other 
memory cells 1 1 in the same row as the depicted mem- 
ory cell 11. 

The shallow trench 18 that was formed initially 
advantageously extends to a depth below the depth of 
the source 40 but above that of the reference plate 29. 
In one embodiment, the bottom of the trench is between 
the top and bottom of the collar. 

The layers 20 and 52 provide the drain contact to 
the n-type drain 22 and extend vertically to the plane of 
the drawing to serve as the bit line for interconnecting 
with the drain contact of the other memory cells 1 1 in 
the same column as the depicted memory cell 1 1 . Typi- 
cally, word lines and bit lines of the memory array are 
orthogonal to each other with one running over but 
being electrically isolated from the other. 

, As previously discussed, the source and drain in 
the transistor reverse roles as the flow of current 
through the channel of the transistor reverses. Accord- 
ingly, the source and drain of the transistor may be 
viewed as the two output terminals of a switch and the 
gate as a control electrode (gate) to "turn on" or "turn 
off" the flow of current between output terminals of the 
switch. 

FIGS. 2-15 show the chip 10 in various stages of 
fabrication. In these figures the reference numerals 
used for the various elements will generally be 100 
larger than the reference numerals used in FIG. 1 for 
corresponding elements when same exist. For example, 
substrate 12 of FIG 1 is shown as substrate 1 12 in FIG. 

Referring fo FIG. 2, the initial stage of forming the 
chip is shown. As shown, a suitable wafer, typically of 
high quality monocrystaUine silicon that is of relatively 
high p-type resistivity, is prepared. The wafer, for exam- 
ple, is cut from an ingot. Preferably, the top surface of 
the wafer lies along a crystalline plane making it espe- 
cially amenable to ion implantation and to etching that 
can readily be made either isotropic or anistropic. as 
desired, by appropriate choice of the etching process. 



Then there are defined the active areas of the chips 
that will ultimately be formed by the dicing of the wafer, 
active areas being those surface regions where the 
memory cells and the support circuitry are to be formed. 
Such definition can be in any suitable fashion, typically 
by known lithographic techniques, and the individual 
active areas are then surrounded by a shallow trench 
1 18. The top surface 1 13 is then covered with a dielec- 
tric, such as silicon oxide or a silicate glass, and then 
planarized to leave the substrate 1 1 2 with the shallow 
trenches 1 18 defining an active surface area 113. 

Advantageously, there is next formed in the wafer 
the various p-type and n-type wells, such as the surface 
p-type well 14 and the buried n-type well 16 that are 
shown in FIG. 1 . typically by ion implantation followed by 
drive-in anneal. As known, it is generally advantageous 
to provide a sacrificial oxide over the wafer surface 
before such implantation to minimize damage to the sur- 
face off the crystal. FIG. 3 shows the body including a p- 
type well 114. an n-type well 116, and the substrate 
112. 

Advantageously, there are then formed on the sur- 
face 113 a pattern of conductive layers (conductors) 
120 of n-type polysilicon that will eventually serve as 
part of columns of bit lines.for the memory cells 11 of 
the chip 10. 

Advantageously, each layer 120 is doped so that, 
when heated appropriately, it will supply donor atoms 
that diffuse into the underlying p-type well 1 14 for form- 
ing therein n-type regions 122 that can serve as the 
drains of the n-channel transistors. Layer 120 is covered 
with a layer 152 of a highly conductive metallic silicide 
(e.g., tungsten silicide) that lowers the resistance of the 
bit lines. Next preferably there is added a cap layer 154. 
e.g., silicon oxide, silicon nitride, or silicon oxy nitride. 
The stack is then covered with an etch stop layer 156. 
The multilayer is then patterned to form the desired bit 
lines and a spacer layer 156a, e.g., ^ilicerKnitride. is 
then added. The resultant is showr^m FIG. 4. j ' 

At this point, it is advantageous to fjlUhe spaces 
between the bit. line stacks with a dielectric, typically a 
doped silicate glass such as BPSG and to reflow or 
planarize the dielectric fill, as necessary for the follow- 
ing steps. There is then formed a word line pattern over 
the planarized surface to define regions where troughs 
are to be formed in the dielectric silicate glass down to 
the level of the semiconductive body and these troughs 
define the regions wher£4bevertical trenches are to be 
formed. Referring ter^FIG. 5. a trench 128 is shown. As 
shown, trench 128vjs^etcbecrto a depth through the p- 
well 1 14 and ending in the n-well 116. 

It can be appreciated that the trench 128 is formed 
without the need for a separate mask. Instead, the ver- 
tical trench is self aligned to the word line and bit line in 
the overlap between word line and bit line space after 
formation of the troughs in the bit line fill as has been 
described 

The etching is done advantageously by anisotropic 
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reaet»ve ton etching (RlE) 10 form .trenches that are rela- 
tively cylindrical in shape and that initially extend from 
surface. 1 13 through well i 14 and into the n well 1 16 
■ v - After such etching, there is formed a silicon dioxide 
layer 1 50 on exposed portions ot wells 114 and 116 in 5 
the trench 128 A layer 158 of silicon nitride is then 
formed over the layers 156a and 1 50 on the sidewalls of 
the trench 128 The layers 150 and 158 are removed 
selectively from the bottom of the irench 1 28 by reactive 
ion etching. The resultant is shown in FIG 6. Layer 158 w 
helps to control the succeeding reactive ion etching step 
that is used both to deepen and broaden the trench 128 
so that it penetrates through the nrtype well 1 16 and ter- 
minates in the original substrate 1 12 that still has only 
the initial p-type doping Advantageously, this etching is /5 
CtYosen to etch the silicon, where unprotected by the 
layer 158. first anisotropically to a desired depth and 
then isotropically so that the radius of the trench 128a is 
increased in the portion 128a of well 116 deeper than 
that protected by the dielectric layer 158. 20 

Advantageously, the walls of the unprotected 
deeper portion .1 28a of the trench 128 are n-doped 
(e.g.. by gas diffusion) to form a n* type region 129 that 
serves as the reference plate of the storage capacitor to 
increase the conductivity of the silicon to insure that the 25 
well 116 serves satisfactorily as the buried reference 
plate (node) when it is contacted (not shown) aUihe^ 
periphery (not shown) by a voltage supply termina l F jG. ) 
. Aj^shows the enlarged radius of the lower trench portion 
128a together with region 129. 30 

, The capacitor dielectric film 1 34 is then formed on 
the wall of the portion of the trenc.n 1 28 ( 1 28a) adjacent 
the layer 129. This typically can be done by depositing 
any suitable dielectric that can be deposited reliably. 
Advantageously, the film 1 34s28vroe a dual layer of si li- 35 
, con nitride and silicon oxide FIG *jf shows the dielectric 
film 1 34 in place on part of theirench 128(1 28a) adja- 
cent the region 129 walls with layer 158 still in place. 

, Next in known fashion, the wafer is heated in a gas- 
eous atmosphere to deposit polysilicon. advanta- 40 

I geously doped to be n-type conductivity, on the walls of 

the trench 128 including portion 128a to fill it as seen in 
FIG. 9 In practice, the trench 1 28 may not fill com- 
pletely. For example, a hoNovyJ^may result during the 
trench fill, as is shown in FIG. ^Although the void is 45 
present in the trench, it doe^nofoetrimentally affect the 

i operation of the cell, as described in T. Ozaki et al., 

"0.228um 2 Trench Cell Technologies with Bottle- \ 
Shaped Capacitor for 1Gbit DRAMs", IEDM Tech. Dig. 
(1995) which is herein incorporated by reference for all so 
purposes. 

Typically, the process of filling a trench with polysili- 
con involves depositing the polysilicon over the entire 
. . top surface of the chip and doing a chemical mechanical 
1 polish (CMP) to planarize the !Op surface so as to 55 
remove the polysilicon down to the top- of the word line 
troughs ... \ 
, Next, as is shown in FIG. 10. reactive ion etching is 



used to remove selectively the polysilicon 132 in the 
trench 128 short of the top of the well 1 16. to. form a 
recess 146 as is seen in FIG. 10. The layer 158 serves 
as an etch stop to protect the side walls it covers 

Then there is etched away the layers 150 and 158 
m well 114. as is shown in FIG 11 There then follows 
another deposition polysilicon 136 „to.jehll the trench 
128 to the top surface as seen in' FlG 12 The process 
of filling the trench may be the^sarme as previously 
described for the earlier filling This polysilicon 136 is 
designed to make electrical conductive contact to ear- 
lier polysilicon fill 132 < , 

. As is shown m FIG 1 3. there is now formed another 
recess 146 again byxeactive ion etching in the polycrys- 
talline fill 1 36 in the trench i 28 to a depth that will define 
the start of the channel of the vertical transistor. The 
recess should be such that there remains enough n- 
doped polysilicon 136 both to form a n-type conductivity 
diffused source 140 in the adjacent monocrystalline sil- 
icon of p-type conductivity well 114 when the wafer is 
appropriately heated and to serve adequately as the 
source contact to the source 1 40. 

As shown in \f 1(3 lH, after this last recess step, the 
surface of tHej;ecess 146 is oxidized including both its 
sidewalls and its bottom, to form a gate oxide 1 44 on the 
sidewall portion contiguous to the monocrystalline sili- 
con and over the top of the n-doped polycrystalline fill 
136, remaining in the trench 128. This will isolate the 
subsequent refill 142 of the recess 146 that serves as 
the gate and gate contact from the fill 1 36. The resultant 
is shown in FIG.' 14 where the gate oxide layer 144 is 
seen extending between the source 140 and the n-type 
drain 122 that was formed by the out-diffusion of donor- 
dopants from the donor doped polysilicon contact 120. ..." 
Alternatively, this drain can be formed by an ion implan- 
tation step early in the^qoess. 

As is shown in <qGlJ Softer formation of the gate 
oxide 144, the recess 14(f in trench 128 and the word 
line trough are refilled with doped polysilicon 142 that 
will serve both as the gate and the gate contact and as 
part of the word line. 

It should be understood that the specific embody 
ment described is illustrative of the general principles of 
the invention and that various changes are possible 
without departing from the scope of the invention. For 
example, it should be unnecessary to carry out ail the 
various process steps involved in the same order as in 
the described preferred embodiment. This is particularly 
the case if one prefers to utilize more conventional 
approaches for locating the deep trenches, or the drain 
and drain contacts: Still further, while n-channel MOS- . 
FETS have been discussed for the preferred embodi- 
ment, p-channel MOSFETs can be substituted for the 
pass transistor. Moreover, in some instances, it may be 
preferrable to ground the substrate and operate the ref- 
erence node at a fixed potential differing from ground 
Furthermore, semiconductor material other than silicon 
is also useful . 
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Claims 

1 . A process for making a cell for use in a DRAM that 
includes a pass transistor and a storage capacitor 
comprising the steps of: 



At 



2. A process for forming an array of memory cells 35 
each comprising a pass transistor and a storage 
capacitor for a dynamic random access memory in 
a portion of a silicon body in which there have been 
formed p-type and n-type conductivity wells and in 
which active areas for individual cells have been 40 
defined and isolated comprising the steps of: 



crystalline silicon layer that lies above the first 
polycrvstalline silicon layer and that makes 
electrical contact with the first polycrvstalline 
layer in the trench; 

diffusing dopants from the second polycrvstal- 
line layer into an adjacent portion of the silcon 
body for forming in the silicon body an output 
terminal for each pass transistor; 
forming in each trench a dielectric layer on the 
sidewall portion of the trench of the pass tran- 
sistor and an oxide layer on top of the second 
polysilicon layer of the pass transistor and over 
the second polycrystalline layer; and 
forming in each trench a third polycrystalline 
silicon layer electrically isolated from the sec- 
ond polycrystalline silicon layer and adjacent to 
the gate dielectric for serving as the gate and 
gate contact of the pass transistor. 

3. The process of claim 2 in which the trench is formed 
by first etching anisotropicallly a trench of a first 
cross section, coating the walls of the trench with 
an etch-resistant coating, removing the coating 
from the bottom of the trench, etching anisotropi- 
cally to deepen the trench, and then etching iso- 
tropicaliy to widen the deepened portion of th 
trench. 

4 V The process of claim 3 in which each active area 
has been defined by a shallow trench of silicon 
oxide. 

5. The process of claim 4 in which the various polysil- 
icon layers are formed in turn by filling the trench, 
forming a first recess in the trench, refilling the 
recess, forming a second shallower recess in the 
trench and then refilling the shallower recess. 

6. The process of claim 4 in which the forming of the 
vertical trenches in the semiconductive body com- 
prises forming over the top surface of the body an 
array of columns of bit lines, each including a con- 
ductive portion and a dielectric cap. filling the gaps 
between the columns with a dielectric fill, etching 
troughs in the dielectric fill down to the top surfac 
of the semiconductive body, and using the array of 
parallel columns and the remaining dielectric fill as 
a mask to etch the vertical trenches. 

f 

7. A process for forming vertical trenches in a semi- 
conductive body comprising the steps of : 

forming over the top surface of the body an 
array of columns of bit lines, each including a 
conductive portion and a dielectric cap; 
filling the gaps between the columns with a die- 
lectric fill; 

etching troughs in the dielectric fill down to the 



forming at the top surface of the silicon body a 
source/drain for the pass transistor of each 
memory cell; 45 
forming vertically in each active area a trench 
of a first depth that passes through a surface 
well of a first conductivity type and a buried well 
of the opposite conductivity type; 
forming in each trench a first dielectric layer so 
useful as the dielectric layer of a storage 
capacitor on a sidewall along a portion of the 
trench in the buried well; 
providing in each trench a first polycrystalline 
silicon layer opposite the first dielectric layer for 55 
forming a storage capacitor with the adjacent 
portion of the silicon body; 
providing in each trench a second doped poly- 



forming a vertical trench in a monocrystalline 
semiconductive substrate, 
providing a first deepest polycrystalline semi- 
conductive layer in the trench that is dielectri- w 
cally isolated from the surrounding 
monocrystalline substrate for forming a buried 
vertical storage capacitor ; 
providing a second intermediate-depth poly- 
crystalline semiconductive layer in the trench is 
that is electrically connected to the first deep- 
est layer and to a doped region in the monoc- 
rystalline substrate for serving as one output 
terminal of the pass transistor; 
providing a third shallowest polycrystalline 20 
semiconductive layer in the trench that is die- 
lectrically isolated from the second polysilicon 
layer and from the second polysilicon layer and 
from the adjacent monocrystalline semicon- 
ductive substrate by the gate dieiectric of the 25 
pass transistor for serving as the gate and gate 
contact of the pass transistor and creating a 
channel in the adjacent region of the monoc- 
rystalline semiconductive substrate; and 
providing a doped region in the monocrystal- 3C 
line semiconductive substrate at the upper end 
of the channel for serving as a second output 
terminal of the pass transistor. 
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top surface of the semiconductive body; and 
using the array of parallel columns and the 
remaining dielectric fill as a mask to etch the 
vertical trenches 

.5 

8. A process for forming a trench in a semiconductive 
body thai has a shallow portion having a first cross 
section and a deeper portion having a second cross 
section larger than the first cross section compris- 
ing the steps of; w 

etching a selected surface portion of the body 
to form a trench of a first depth and the first 
cross section; 

coating the sidewalls of the trench with an etch 15 
^ resistant coating; 

etching the selected surface portion of the 
body anisotropically to deepen the trench; and 
etching the selected surface portion of the 
body isotropicallly to widen the trench such that 20 
the deeper portion of the trench has the second 
cross section which is larger than the f irst cross 
section. 

9. The process of claim 8 in which the coating of the 25 
sidewalls comprises the steps of coating the side- 
walls and bottom of the trench and then removing 

the coating selectively from the bottom of the 
trench. 
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